This paper proposes a hybrid technology to solve the distribution system reconfiguration problem. The technology with the mixture of Plant Growth Simulation Algorithm (PGSA), Greedy and heuristic based fuzzy operation has been proposed. The optimization approach based on PGSA provides detailed description on switch states for calculation. The inclusion of Greedy with PGSA improves the efficiency of optimization by identifying the best loop sequence. Furthermore, the heuristic fuzzy has been introduced with PGSA and Greedy for handling constraints amid optimization. With the use of proposed algorithm, the system loss has been reduced convincingly without compromising the power flow constraints. The effectiveness of the proposed approach is demonstrated by employing the feeder switching operation scheme to IEEE 33 bus distribution system and 83 bus Distribution system of Taiwan Power Company.
INTRODUCTION
Feeder reconfiguration is a very important tool to operate the distribution system at minimum cost and improve the system reliability and security. The reconfiguration of a distribution system is a process, which alters the feeder topological structure by changing the open/close status of the switches in the distribution system. The presence of high number of switching elements in a radial distribution system makes the network reconfiguration a highly complex combinatorial, nondifferentiable and constrained non-linear mixed integer optimization problem. Also, the number of variables varies with respect to the size of the system. The distribution system with "n" switches will have "n" variables. The demand for a radial operation also makes the mathematical model more difficult to represent efficiently and codification of a solution becomes difficult when metaheuristic techniques are employed. Civanlar et al. [1] conducted the early work on feeder reconfiguration for loss reduction. In [2] , Baran et al. defined the problem of loss reduction and load balancing as an integer programming problem. Aoki et al. [3] developed a method for load transfer, in which the load indices were used for load balancing. In Shirmohammadi and Hong [4] , the solution method starts with a meshed distribution system obtained by considering all switches closed. Then, the switches are opened successively to eliminate the loops. Other methods, such as mathematical programming techniques [5] [6] [7] , expert systems [8] [9] [10] and optimization algorithm [11] have been proposed in recent years. In [12] , the solution procedure employing heuristic rules and fuzzy multiobjective approach are developed to solve the network reconfiguration problem. Wang and Cheng [13] present an approach to minimize the total system losses by using the PGSA to optimize the network configuration of the distribution system while satisfying some constraints. Even though, the above method gained encouraging results, the loop sequence for optimization has been not clearly shown and they have sequenced the loop randomly for optimization. In paper [14] , the algorithm uses neural network which needs to be trained for large distribution system. In [15] and [16] , evolutionary programming is employed for optimizing distribution network. In [17] , equivalent network for distribution network has been formed aiming in reducing the time consumption for optimization. The above methods have gained encouraging results in solving the problem of distribution network optimization, but also inadequacy in some respects. Most of the algorithms usually spend much of the computation time in solving real large-scale systems, and include some external parameters such as barrier factor, crossover rate, mutation rate, etc. It is difficult to determine the external parameters in many cases, and they affect the calculation efficiency and convergence, which probably cause occasional computational difficulty. This paper presents hybrid technology for optimization based on PGSA, Greedy and heuristic fuzzy, which improves the efficiency and provides opportunity of going with more constraints. The highlights of the proposed approach concerning previously published algorithms are that it evades heavy numerical computing, less time consuming, easy to adapt to any kind of radial distribution network such as single and multi feeder system, unambiguous definitions on reconfiguration procedure.
PROBLEM FORMULATION
In this paper, the objective is to minimize the system power loss under a certain load pattern through network optimization while electrical and operational constraints are met, that is the process of altering the topological structures of distribution network by changing the open/close status of switches so as to minimize total system real power loss. The objective function of the problem is ,
where, P loss is the total real power loss of the system. The apparent power transported by the branch must satisfy the branch"s capacity. The voltage magnitude at each bus must be maintained within limits. These constraints are expressed as follows:
Furthermore, the radial structure of network must be maintained, and all loads must be served. Fig. 1 , the following set of recursive equations is used to compute power flow:
where, S i , S i,max are apparent power and maximum capacity limit of branch i ; V i is voltage magnitude of bus i; V i,min and V i,max are minimum and maximum voltage limits of bus. R j is resistance of the j th branch P i and Q i are the real and reactive powers that flow out of bus i; P Li and Q Li are the real and reactive load powers in bus i The resistance and reactance of the line section between buses i and i+1 are denoted by R i,i+1 and X i,i+1 respectively. 
HYBRID TECHNOLOGY

Responsibility of PGSA
As per [13] , independent loops are decided as the decision variables, which can greatly reduce the dimension of the variables in the solved model and avoids unfeasible solutions. The new decision variables of an IEEE 33 bus distribution system shown in Fig. 2 , which consists of 32 sectionalizing switches and five tie switches is given in equation (7). In equation (7), L 1 -L 5 indicates independent loops and S 1 to S 37 indicates swiches. The initial tie switches are represented by dotted lines and sectionalizing switches by straight lines.
(7) Fig. 2 The IEEE 33-bus sample system with loop numbers (Test System 1) The solution sets are further reduced based on four states [13] to avoid unfeasible solutions in the iterative procedure. The possible solution sets are reduced as follows, 
For the searching process, loop sequencing has been considered as the most important. The distribution system with "n" loops will produce n! possible loop sequences. The random/incorrect selection of loop sequence on occasion ends with local optimum. To make sure global optimum, in this paper greedy algorithm has been incorporated for identifying the best loop sequence. As per the heuristic exchange rule (Kun-Yuan Huang and HongChan Chin, 2002) for growth points searching, the loss change resulting from switch exchange between Feeder-I and Feeder-II of the system is given by,
where ∆P is the power loss reduction/increase when it is negative/positive; I(x) is the current distribution along the shortest path; x is the distance from the opened switch to the tie bus; Em is the terminal bus voltage of the Feeder-I before the load transfer; En is the terminal bus voltage of the Feeder-II before the load transfer and Rloop is the series resistance of the path connecting the two substation buses of Feeder-I and Feeder-II. Due to the quadratic nature of ∆P, the optimal distance current I(x opt ) can be shown and described as follows,
Therefore the minimum power loss can be obtained by substituting equation (10) in equation (9) . It can be established as follows,
From the equation (11), it is clear that larger the value of I(x opt ) will yield the greatest loss reduction among the candidates. Therefore, for reconfiguration the loops can be sequenced in the decreasing order of I(x opt ) of each loop. 1  2  3  4  5  6  7  33  20  19  18   2  8  9  10  11  35  21  33   3  9  10  11  12  13  14  34   4  3  4  5  25  26  27  28  37  22  23  24   5  6  7  8  34  15  16  17  36  32  31  30  29  28  27 
Sequencing of Loops through Optimum Transferable Current with Greedy
For the reconfiguration problem, the formation of problem and solution has been made as, (i) Candidate set, set of loops {L 1 
Heuristic Fuzzy
In order to address the power flow constraints along with power loss, heuristic fuzzy has been incorporated with PGSA and Greedy. In fuzzy domain, each parameter is associated with a membership function. There are three fuzzy-set models developed for optimization. They are responsible for restricting any configuration from bus voltage deviation, branch current deviation and increase in real power loss.
Fuzzy-set model of the bus voltage deviations
The voltage at the buses must be maintained within the permissible limits for each new configuration. It is defined as, V min < V new,i < V max for i=1,2,3,…….n ; where, n is the total number of buses present in the RDS V new,i is i th bus new configuration voltage V min =0.9pu and V max =1pu have been considered The new configurations bus voltages are compared with the voltage limit. The voltage at the buses has been obtained from radial load flow for each new configuration. Moreover, the amount of the V new,i resulting from any branch exchange can be estimated as "very close", "close" or "not close" to the V min . Therefore, the linguistic terms can be formulated as a membership function by the fuzzy notation. The membership function can be expressed as follows, (12) where, ΔV n =V new,n -V min V new,,n is the system voltage at the n th bus after reconfiguration.
The minimum amongst the membership values of voltage of all the bus in the system is obtained after reconfiguration.
Fuzzy-set model of the branch current loading
The main purpose of this membership function is to determine the branch current loading during each new configuration. Initially, all the branches current capacity are defined as I set,i ;where, i=1,2,3….n; n is the total number of branches in the RDS. During each new configuration the new value of branch currents are received through Radial Load Flow (RLF) and defined as I i ; where i=1, 2, 3…n; n is the total number of branches.
The small difference between I set,i and I i are estimated and deviation of I set,i with I i set as "very close","close" or "not close". The membership function of the n th branch µ B,n , can be defined as, 
where, ΔI n = I n -I set,n
The membership function of all the branches can be similarly expressed as equation (18). A large current variation ΔI n , produce a small value of the membership function μ B,n and vice versa.
The The new configurations power loss (P nloss ) close to the previous configuration loss (P tloss ) to be identified for the objective of minimizing the system power loss. The power loss of the system has been obtained from RLF for each new configuration. Moreover, the amount of the P nloss resulting from any branch exchange can be estimated as "very close, "close" or "not close" to the P tloss .
Therefore, the linguistic terms can be formulated as a membership function by the fuzzy notation. The proposed membership function μ p has been depicted using equation (16) . A small difference between P nloss and P tloss possesses a larger membership value. The membership function can be expressed as follows, 
where, ∆P =P nloss -P tloss ; P tloss is the system power loss before switching The purpose of the feeder reconfiguration can be achieved by the decision fuzzy set D, which is derived from the intersection of the three membership functions μ V , μ B and μ P . However, the optimal decision is the highest membership value of μ D . Thus, an optimal decision fuzzy set D can be designated as follows,
4. RECONFIGURATION SCHEME Reconfiguration scheme begins with finding the solution sets of the RDS. Then, total number of switches present in each set/loop has been calculated. With the use of greedy algorithm the best optimal loop sequence has been arrived by organizing the loops as on non-increasing order of I otc .
The RDS real power loss and feeder currents pertain to respective configuration has been retrived through RLF. The membership values such as μ V , μ B and μ P are calculated as per the membership function definitions shown in the equations (13), (15) and (16) . For every individual loop of RDS [13] , heuristic fuzzy produce different membership values and that are accumulated. Lastly, the accumulated data"s are nourished to min-max imperative of fuzzy as per equation (17) and that defines best 
switch combinations for open/close in every individual loop. The same process has been repeated till there is no power loss change within the two consecutive iterations. Complete flow of proposed scheme for optimization has been revealed in the flowchart shown in Fig. 3 . The ensuing configuration promisingly would be better than that of the initial configuration by means of loss reduction and feeder load balance.
Fig. 3 Reconfiguration Algorithm with Hybrid Technology
RESULTS AND DISCUSSIONS
Software simulation has been done through servlet programming (Java 2 Enterprise Edition Programming) to decrease software couplings and enhance software quality and reusability. The simulation programs are implemented in P IV 2.4 GHz computer.
Soultion under normal condition of RDS
Depiction with Test System 1
The proposed scheme has been tested on 33 bus RDS [13] , which has 5 normally opened switches, 32 normally closed switches with 33 buses and it is assumed as balanced three-phase with 12.66kV. The initial configuration and loop sequence followed in [13] is shown in Fig. 2 . Initially, all the branches current capacity (I set,i ) are assumed (for I set,1 =500A, I set,2 =250A, from I set,3 to I set,37 current capacity was set as 150A in accordance with system characteristic). The shunt capacitors are neglected. As per the PGSA, entity loops were identified with analogous state variables denoted as L 1 , L 2 , L 3 , L 4 and L 5 declared in equation (8) . The I otc of loops are calculated as per equation (10) . The values of I otc,i [for i Ɛ 1-5] are 107.15A, 152.98A, 49.43A, 119.52A and 8.20A respectively. As per the greedy algorithm, the loop sequence has been made from the largest I otc to smallest I otc . It is identified that I otc value of loop 2 is largest. Therefore, searching begins from second loop. The corresponding analogous state variables are updated and shown in Fig. 3 . Table 1 . From Table 1 , after applying min-max imperative, it is observed that opening of S 9 and closing of S 35 produces much better configuration with reduced system loss of 153.98kW, current at the branches and voltage at the buses within the limits. The same process has been repeated for the rest of the sets for the first iteration. The above said process is carried out with the primary focus on real power loss minimization. The power loss at the final configuration is 139.54kW. The power loss updates is shown in Fig. 4 . The branch currents and bus voltages are maintained within their limits. The branch currents and bus voltages at the final configuration are shown in Fig. 5 and Fig. 6 . The identified switches to be opened at final configuration are S 7 , S 9 , S 14 , S 32 and S 37 .
Test System II
The proposed methodology has been applied next to the test system shown in Fig. 8 [13] . The system is assumed balanced three-phase with 11.4 kV. It consists of 11 feeders, 83 normally closed switches, 13 normally open switches and 13 loops. The shunt capacitors are neglected. For the loops, solution sets are named sequentially from L 1 to L 13 .
Fig. 7 Distribution system of Taiwan Power Company (Test System II)
As per the PGSA, decision variables are designed for the system shown in Fig. 7 . The loops are sequenced based on decreasing order of Iotc (GrA). The maximum current capacity of the branches is 600A. The bus voltage limits are fixed as V min =0.9pu and V max =1.0 pu.
After applying the proposed methodology, the system loss is reduced from 542.55 kW to 469.88 kW which has been shown in Fig. 8 , the minimum voltage is 0.9531 pu amongst all the buses and the branches current are maintained under limit. Table 2 for Test system I. The proposed algorithm obtains the global optimum within 90msec. while PGSA takes 278msec. for Test System I. The results obtained through proposed methodology have been compared with other technologies proposed earlier for reconfiguration in Table 3 for Test system II. The proposed algorithm obtains the global optimum within 2.8sec while PGSA takes 3.9sec for Test System II. From the results, it is found that reconfiguration made through proposed algorithm receives global optimum with minimum time consumption and has taken multiple constraints. Hence with the effective introduction of the hybrid reconfiguration algorithm, loss reduction was done subjected under constraints such as bus voltage limit and branch current limit.
CONCLUSION
An efficient approach that employs hybrid technology as optimal means has been presented for the reconfiguration of RDS, where the objective is loss reduction and subjected under constraints like branches current limit violation and buses voltage limit violation. The results have shown that reconfiguration has been attained with multi constraints under typical and strange conditions of RDS. The results obtained with the present approach, when compared with the previous methods proposed by the authors will show that the introduction of the algorithm with PGSA-Greedy-heuristic fuzzy has contributed to reduce the number of power flows and has incorporated the network constraints. Thus, the performance of the proposed hybrid technology has been considerably enhanced and can be applied to any large real RDS supplied from more feeders.
